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This study considers maximum manned support of the 
earth applications program. In contrast to the National Academy 
Summer Study recommendations for a totally automated program, we 
find the arguments for manned support to have been understated, 
and that these will become stronger as both the applications 
program and manned capabilities develop. It is found that a 
program based on two sets of orbital stations -- a set of two 
or three manned or man attended stations in low altiti.de, near- 
polar orbits, and a set of three automated, man attended 
stations in geo-synchronous orbits -- would fulfill about 80% 
of the requirements of a comprehensive sensing program of the 
future. The advantages of manned support would be rapid system 
development, film supply and return, specialized manned studies 
from space, and versatile long-level maintainable systems of 
large payload and power capabilities that can grow fast enough 
to meet the increasing needs of a large applications program. 
Many of the requirements are common to the fulfillment of other 
agency goals, large costs would be shared, and the returns to 
the applications program could be more cost-effective than a 
separate, totally automated program. 
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MEMORANDUM FOR FILE 

DATE: September 9 ,  1969 

FROM: W. L. Smith 

I. INTRODUCTION 

The survey and monitoring of the earth's resources 
from space satellites promises enormous benefits to mankind. (1-4) 
To implement such an ''earth applications" program the National 
Academy - National Research Council Summer Study recommends 

indicates that substantial advantages could accrue from use of 
a well-developed manned space capability. 

a vigorous automated program, while the STAC Winter Study ( 3 , 4 )  

Developments to date of space applications systems 
go back to either purely manned or purely unmanned systems. 
In Figure I, in the period of Phase I (up to FY '70), nearly 
all applications experiments will have been unmanned (Tiros, 
Nimbus, ATS, ERTS). In Phase I1 (FY '72-'75), manned programs 
of significant extent are possible in the applications areas. 
By Phase I11 (1980-85) several manned stations may exist in 
earth orbit, and may carry the majority of experiments and 
operational sensors, while the Earth Resources Satellite (ERS)  
may continue as an unmanned supplement to the program. 

For the future beyond Phase 111, where the hoped-for 
all-embracing management system from space will be a reality, 
a dominant manned station role is a possibility. 
would use unmanned subsatellites and put all the experience 
from earlier space stations and from ERTS-ERS to good use. 

Such stations 

The present study considers the question, "If the 
manned program is designed to provide maximum support to earth 
applications, what would the resulting system be, and what are 
its capabilities and costs?" 

We make four assumptions: 

a. The manned program now starts to put heavy emphasis 
on supporting earth applications; 
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b. Starting after 1975, a set of multi-disciplinary 
manned space stations will be put into permanent 
orbits, with relatively cheap logistics for trans- 
port of men and supplies to stations or to visit 
automated satellites; 

c. Funding will be available for rapid development 
of remote sensing systems for test and use on 
manned stations; 

d. A data management and use system can be developed 
in time to meet the requirements of all users. 

Using these assumptions, in the following sections we 
will summarize the projected overall requirements for earth 
sensing systems, describe a principally manned program to meet 
these needs and examine briefly the costs and schedules involved. 

11. FUTURE REQUIREMENTS OF EARTH APPLICATIONS SYSTEMS 

Table 1 is a summary of the principal future require- 
ments as currently foreseen, for satellites and other systems 
to gather data in all disciplines. Detailed discussions of 
requirements and benefits expected are given in the sources. 
A significant conclusion from Table 1 is that about 80% of all 
sensing requirements can be satisfied by a few satellites in 
two types of orbit - the first low-altitude, near-polar, and the 
second geo-synchronous. In fact, the only requirements not 
thus met are for geodetic satellites that need very low inclination, . 

low altitude orbits, and for balloons, buoys, ground-based 
hydrologic and seismic sensors and localized aircraft surveys. 

(1-4 1 

The requirement sometimes stated for meteorologic 
satellites at 600-2000 miles altitude arises because meteorolo- 
gists need sequential lateral ground track overlap with complete 
global coverage daily for cloud photographs, and coverage on 
several sequential passes daily of all balloon transmitters 
for wind measurements. It will be shown below that equivalent 
coverage with improved resolution is achieved for all purposes 
but balloon tracking with multiple near-polar, low-altitude 
satellites. Until better wind measurement techniques are 
devised, tracking of balloons may require a few automated 
satellites at 600-2000 miles altitude. 
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111. DESCRIPTION OF PROPOSED MANNED SYSTEM FOR 1975-1985 

A .  General C h a r a c t e r i s t i c s  

Scope: This  program i s  envisaged t o  grow i n  t i m e  
w i th  t h e  a d d i t i o n  of manned s t a t i o n s  a f t e r  1975 t o  s u m o r t  & A .  

t h e  major sens ing  requirements of a l l  a p p l i c a t i o n s  d i s c i p l i n e s .  

Nature of System: Most space senso r s  w i l l  be  supported 
by modules nearby o r  a t t a c h e d  t o  t w o  sets of manned o r b i t a l  
s t a t i o n s .  The f i r s t  s e t  w i l l  c o n s i s t  of two or t h r e e  near -polar ,  
l ow-a l t i t ude  s t a t i o n s  a t  least  one of which would be permanently 
manned, whi le  t h e  second w i l l  be t h r e e  geo-synchronous s t a t i o n s  
v i s i t e d  and se rv iced  by man a t  s i x  months t o  one year  i n t e r v a l s  
(F igure  11). C e r t a i n  automated sa te l l i t es ,  subsa te l l i t e s  con- 
t r o l l e d  by t h e  s t a t i o n s ,  ba l loons ,  buoys, ground senso r s  and 
a i r c r a f t  w i l l  complete t h e  sens ing  system. 

Mode of Operation: Routine sens ing  and data handl ing 
i n  t h e  o p e r a t i o n a l  system w i l l  be  handled au tomat i ca l ly  by t h e  
senso r s  and systems supported by t h e  space s t a t i o n s .  Such 
systems w i l l  be se rv i ced  and maintained a s  needed by man. New 
s u p p l i e s  and f i l m  w i l l  come from t h e  e a r t h  on a r e g u l a r  b a s i s .  

The near-polar,  low-a l t i tude  s t a t i o n s  i n  a d d i t i o n  t o  
t h e i r  automated sens ing  ope ra t ions ,  w i l l  s e r v e  a s  t e s t  and 
development s t a t i o n s  f o r  new sensors  and prcvide  s p e c i a l i z e d  
sens ing  equipment f o r  s c i e n t i f i c  manned s t u d i e s  of t h e  e a r t h  
and i t s  atmosphere. 

The geo-synchronous s t a t i o n s  w i l l  ope ra t e  unmanned, 
bu t  w i l l  be se rv i ced  by men who w i l l  s h u t t l e  from one of t h e  
t h r e e  s t a t i o n s  t o  t h e  o t h e r s .  One s t a t i o n  may even tua l ly  need 
t o  be occupied by a 3-man crew on a f u l l  t i m e  b a s i s ,  wi th  a s i x  
months t o  one year  resupply schedule.  

B. Deta i l ed  Systems and Funct ions (Table 2 )  

Near-Polar, Low A l t i t u d e  S t a t i o n s :  The e s s e n t i a l s  of 
t h i s  set of: manned s t a t i o n s  w i l l  be 

a )  High (near-polar)  i n c l i n a t i o n  t o  achieve  g loba l  
coverage : 

b) Low-alti tude,  150  t o  250 m i l e s ,  t o  achieve  high 
r e s o l u t i o n  sensing: 
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c) Use of two or three stations to provide frequent 
coverage (every day or two) of the entire earth, 
even near the equator. (The multiple station 
concept also adds program flexibility, the 
possibility of two or three lighting angles 
for sun-synchronous orbits, and the possibility 
of flying complementary instruments on the 
different stations. ) 

Sun-synchronous orbits at 220 n.mi. altitude (near- 
polar) seem attractive. With the correct choice of phasing 
between the two orbital planes and positions, one can assure 
repetitive daylight coverage of every ground point at the 
equator every two days with constant illumination using 45O 
half-angle sensors with two satellites. If we use three 
polar stations instead of two, we obtain full global daylight 
coverage every day. For instruments requiring much less than 
45 '  half-angle coverage, full global coverage is still possible 
over a period of weeks choosing an orbital frequency that causes 
the ground tracks to move slowly over the earth's surface. Fre- 
quency of coverage by polar satellites will always be poorest 
at the equator and improve toward the poles. 

stations 
1) 

4 )  

5) 

The principle instruments to be used on the near-polar 

High resolution multi-spectral cameras for global 
land use analysis. 

will include 

IR Imagery, to serve oceanography, meteorology, 
agriculture, forestry and geology. 

Radar Scatterometry to supply sea-state of the 
oceans. 

Radar Imagery to penetrate cloud cover. 

IR and microwave radiometry to measure atmospheric 
profiles . 
Specialized sensors for manned studies, such as 
spectroscopic and laser atmosphere studies, high 
resolution photography, spectrometry or temperature 
analysis of storms, cold fronts, pollution sources, 
volcanoes, etc. 
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All these instruments would be housed in a manned 
module, itself part of a space station, with attitude stabilized 
to provide continuous earth-looking orientation. 

Shuttles from the earth would bring up about 1000 
lbs of magnetic tape, film and new instruments every month, 
and rotate 3 of the 6-9 man crew. Specialists in earth 
science fields could visit the station for tours of observa- 
tional duty. 

Geo-synchronous Stations: The essential properties 
of the three equatorial qeo-synchronous stations at 120' for 
earth applications will be 

- 

a) Continuous coverage of all the earth's surface 
up to about 60' latitude; 

b) Continuous line-of-sight communications between 
the three stations and hence to any earth station. 

The principal instruments on these stations will be 

1) High resolution ( 2  km) multispectral photography 
every four hours for cloud cover (meteorology). 

2 )  High resolution IR Imagery (for meteorology and 
oceanography). 

3 )  Communications receivers and transmitters. 

4 )  A possible addition would be color photography 
to provide films of selected targets for astro- 
naut return at servicing intervals. 

There appears to be little that a man can do while 
at geo-synchronous altitude that could not be done as well by 
remote automatic command of orientable cameras. Hence, the 
only role of man foreseen for the geo-synchronous station is 
deployment, calibration, maintenance and repair of operating 
systems. Since it is very costly, energy-wise, to launch men 
to geo-synchronous orbit, (a Saturn V is required for 3 men at 
present) one would at most man one of the three stations with 
3 men full time, and revisit only each 6 months or a year. 
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IV. PROGRAM AND SCHEDULE TO ACHIEVE THE PROPOSED MANNED SYSTEMS 

Specific objectives and requirements in earth sensing 
have been defined by the NASA planning panels and grouped into 
three phases of accomplishment. These are shown in Tables 1-3 
in the Appendix. 

A .  Summarv of Present Unmanned Proaram Plans 

A schedule for the overall earth survey program is 
given in Table 3 .  It is reasonable to assume that the R&D 
effort of the applications program will normally have available 
facilities onboard space stations, even if the operational 
aspects of the program are unmanned. 
accomplishing all applications R&D by aircraft and unmanned 
satellites would preferably be rejected in light of the con- 
siderable program necessary to accomplish the specific objectives 
of Phases I1 and I11 and, of the ultimate system within a limited 
time. We suggest two tentative conclusions in this area: 

The possibility of 

. Unmanned SR&T will be unable to lead to the ultimate 
program position of values in a reasonable time 
frame . 

. Space station SR&T facilities for earth resources 
are imperative for the realization of the ultimate 
pre3ra~. . 

Table 1 in the Appendix depicts specific objectives 
of R&D in Phase I. With a total payload weight of 1400 lbs to 
achieve the objectives of Phase I, it turns out that four 
satellites such as ERTS would be required to handle the R&D 
workload. For lack of a manned program, it will be the total 
effort in Earth Resources Survey. 

B. Plan to Emphasize Manned 1975 Stations (near-earth) 

If the unmanned program begins to strain its capa- 
bilities within the first half of the 1970's, then a manned 
program offers itself as one reasonable alternative for earth 
survey. Reasonable specific objectives for a Phase I1 effort 
have been tabulated (Table 2, Appendix), and the total payload 
requirements for that phase add up to about 10,000 lbs. 

It appears unlikely that a manned 1975 space station 
will be ready to support such a substantial earth survey payload. 
weight. Quite likely, up to several thousand pounds of sensors 
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will be flown by ERS and, possibly, user vehicles such as EROS. 
But it must be realized that an all-out program as indicated in 
Table 2 (Appendix) can only be carried out if the lion's share 
of the sensors is accommodated on a manned space station. 

Decision Point: In order to reach the objectives of 
Phase 11, by unmanned means, an order of maqnitude increase in 
flight hardware over and beyond the presentiy planned system 
appears necessary. This means either an immediate new start 
in the 2,000 lbs category of unmanned satellites, or the 
availability of an earth resources facility of up to 10,000 
lbs in manned stations by the middle to late 1970's. 

C. Phase I11 Effort 

The systems requirements for specific objectives of 
Phase 1II.have been summarized in Table 3 ,  Appendix. This is 
the first, predominantly operational complement of sensors, 
and consequently ground coverage, frequency and resolution 
requirements have increased. 
loads of 3,500 lbs each, or a total of some 40,000 lbs to 
achieve the effort of this level. 

It will take about twelve pay- 

The planned effort - operational ERS and second- 
generation operational ERS - are out of line by about a 
factor of 30 to achieve the R&D and operational objectives 
**-b-b nnnilnd. 

The Woods Hole Summer Study projected that during a 
phase 2/3 type operation a number of satellites supporting 
different user disciplines would be in orbit simultaneously. 
Allowing for some commonality among all sensor uses, we wind 
up with 5 polar satellites and 3 geo-synchronous satellites 
in orbit at any time. The total payload capability of these 
satellites, allowing ERTS-ERS type payloads, would be about 
5,000 to 8,000 lbs. From the specific objectives in the 
Appendix it follows that the payloads needed to support the 
Phase I1 and I11 requirements will be 10,000 to 40,000 lbs. 
Therefore, the already very busy launch schedule of a potential 
unmanned system, with 13 Atlas-Centaurs and 32 Thor-Deltas, can 
be assumed as being too short within a factor of 2 to 4. 

To achieve objectives of Phase 111, the payload should 
be tripled to about 10,000 lbs, thus reducing the required 
multiplicity of systems to about 4 .  Four manned stations, each 
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accommodating about  1 0 , 0 0 0  l b s  of e a r t h  survey payload and 
d a t a  handl ing experiments ,  could very  w e l l  handle t h e  Phase 
I11 sens ing  load  t h a t  36  1 , 0 0 0  l b  ERS s a t e l l i t e s  could  
probably no t  handle .  

I t  appears  from t h i s  cursory  a n a l y s i s  t h a t  t h e  means 
may f a l l  sho r t  of t h e  g o a l s  of t h e  earth survey program, and 
t h a t  manned s t a t i o n s  can o f f e r  adequate  suppor t  f a c i l i t i e s  f o r  
t h e  r equ i r ed  R&D and ope ra t iona l  sens ing  t a s k s  w i t h i n  t h e  
Phase 1-111 t a s k  frame. 

D .  A Phase I11 Manned S t a t i o n  Plan 

For t h e  Phase I11 e f f o r t ,  three d i s t i n c t  p a r t s  can 
be d i s t ingu i shed :  

a )  R&D - 1 0 , 0 0 0  l b s  payload 

b )  ERS - s e v e r a l  1 , 0 0 0  l b s  payload 

c )  Manned space s t a t i o n  - s e v e r a l  1 0 , 0 0 0  l b s  payload 

The s i g n i f i c a n t  R&D payload onboard a manned space 
s t a t i o n  would i n s u r e  adequate development f o r  f u t u r e  o p e r a t i o n a l  
sens ing .  Such R&D can be expected t o  cont inue  f o r  s e v e r a l  
gene ra t ions  of f u t u r e  instruments .  

The ERS payload, having acted a s  a fo re runne r  and 
o p e r a t i o n a l  t e s t  payload, may cont inue  t o  be opera ted ,  as  a 
s topgap between manned missions and f o r  r o u t i n e  observation 
a t  high o r b i t a l  a l t i t u d e  t h a t  may be u n a t t a i n a b l e  f o r  manned 
m i s s i o n s  of t h e  l a te  1970 ' s /ear ly  1980's. 

The manned space s t a t i o n  f a c i l i t y  w i l l  c a r r y  t h e  
b run t  of t h e  Phase I11 sensor  and o p e r a t i o n a l  load  p o s s i b l y  
a c t i n g  as "mother sh ip"  f o r  ERS-type s u b s a t e l l i t e s .  

A t  t h e  end of Phase  11, and dur ing  Phase I11 ( l a t e  
1970's), t h e  boundaries between development work and opera- 
t i o n a l  sens ing  become vague. 
payload of 4 0 , 0 0 0  l b s  dur ing  Phase I11 a r e  devoted t o  opera- 
t i o n a l  type  sens ing .  However, some 1 0 , 0 0 0  l b s  of t h e  payload 
can be considered t r u l y  R&D o r i e n t e d ,  and an annual payload 
weight  of t h a t  e x t e n t  can be p ro jec t ed  t o  be p a r t  of manned 
s p a c e f l i g h t  f o r  t h e  foreseeable  f u t u r e .  

It  i s  t r u e  t h a t  about 3/4 of t h e  
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It can  be argued t h a t  a launch of a 1 0 , 0 0 0  lbs /year  
R&D payload sets t h e  pace f o r  t h e  r e s u l t i n g  o p e r a t i o n a l  systems, 
t h a t  w i l l  be of t h e  o r d e r  of 20 ,000  t o  4 0 , 0 0 0  l b s .  C l e a r l y ,  
t h i s  weight class i s  beyond t h e  c lass  of unmanned senso r s  t h a t  
are i n  t h e  minds of "unmanned p lanners"  today.  

F igu re  I11 shows a comprehensive ear th  survey system 
of t h e  1980's us ing  manned or man a t t ended  satel l i tes .  

V. COSTS OF PROGRAM 

A .  Summary of P resen t  Unmanned and Manned Program Plans:  

There are d i v e r s e  p r o j e c t i o n s  of program costs f o r  
manned and unmanned programs. I n  t h e  series of " b a l l  park 
numbers'', t h e  unmanned ERTS-ERS program i s  pegged a t  $500 
m i l l i o n ,  w h i l e  space s t a t i o n  programs are  t e n  t o  twenty t i m e s  
t h a t  much. 

W e  have made a thumb n a i l  c a l c u l a t i o n ,  u s ing  above 
b a l l  park f i g u r e s  of $500  m i l l i o n  f o r  ERTS-ERS and $5 b i l l i o n  
f o r  t h e  e a r t h  r e sources  f a c i l i t i e s  onboard s e v e r a l  space 
s t a t i o n s .  I f  t h e  ERTS-ERS program i s  assumed t o  o p e r a t e  f o r  
5 yea r s ,  y i e l d i n g  a b i t  r a t e  of 1011 b i t s  p e r  day ( l i m i t e d  by 
a payload c a p a b i l i t y  of abou t1000  l b s  p e r  s a t e l l i t e ) ,  t h e n  
t h e  ERTS-ERS C G S t  per  lo6 b i t s  rms $3.30. 

If t h e  manned space s t a t i o n  program a t  $5 b i l l i o n  
i s  assumed t o  l a s t  fo r  t e n  years ,  d e l i v e r i n g  l O l 3  bpd (due 
t o  payload c a p a b i l i t y  up t o  1 5 , 0 0 0  l b s ) ,  then  it can o f f e r  1 0  
b i t s  f o r  only $1.50.  

6 

Figure  I V  shows estimated costs f o r  t h e  t o t a l  
unmanned program inc lud ing  t h e  ERS, and fo r  t h e  experiments 
payload on t h e  manned program. The unmanned program costs 
are based on Space Applicat ions Program Memorandum, Ear th  
Resources Survey, 1 9 6 8 .  Their  t o t a l  i s  es t imated  a t  approxi- 
mately $500  m i l l i o n .  The cost of t h e  experiment payload f o r  
t h e  manned program proposed i n  t h i s  s tudy  i s  about $ 4 0 0  m i l l i o n .  
The cost of modules t o  c a r r y  these experiments ,  plus a f a i r  
share of t h e  manned s t a t i o n  c o s t s ,  b r i n g s  t o t a l  a p p l i c a t i o n  
c o s t s  t o  about  $5 b i l l i o n  over t h e  1 0  yea r  per iod .  

B. A Manned (Phase 111) Space S t a t i o n  System 

Tota l  costs f o r  manned space s t a t i o n s  have been pro- 
j e c t e d  by Schelke (6) t o  range i n  t h e  o r d e r  of $5 b i l l i o n  t o  
$10 b i l l i o n ,  over a 1 0  year  per iod.  A s i g n i f i c a n t  p a r t  of t h e  
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costs would be due to the shuttle system necessary to keep the 
system manned and supplied. 
stations will support up to ten scientific and applications 
disciplines, costs of the order of $0.5 billion to $1 billion 
per discipline could be arrived at. 

If one assumed that the space 

We assume that two manned near-earth, near-polar space 
stations operable by 1980 will cost $10 billion (using a 
common shuttle system for both stations). With a total pay- 
load capability of 10,000 lbs for one station, or 20,000 lbs 
for two stations, each space station facility of l0,OOO lbs 
payload would carry a price tag of $5 billion. 

Three geo-synchronous satellites are an important 
part of a manned applications payload. However, their greatest 
significance will probably lie in the fields of communications, 
meteorology and oceanography. A cost of $0.2 to 0.5 billion 
per 1,000 lbs of applications experiments appears adequate, 

Then, a manned, Phase I11 space station system would 
cost about $15 billion for ten years. Of this expense, earth 
resources survey would be changed anywhere from $0.5 to 5.5 
billion. Calculations can be made to support almost any point 
of view, but it is clear nevertheless that the cost per 
information bit of manned and unmanned systems does not show 
significant disadvantages for the manned program. 

c .  E qulvalent ... .. 'u'nmaniied Phase III System 

It is somewhat futile to project the cests for an 
unmanned system capable of delivering 1013 bpd, and requiring 
of the order of 100 launches over a ten year period. 
Woods Hole figure of $1.4 billion as an investment in a four 
year operational program may be significant, leading to a ten 
year figure of about $3 billion. 

The 

This figure is similar to the expense projected for 
a manned system. Since this unmanned program will provide 
less data and less growth capability than the manned program, 
it seems less attractive on these counts. 

VI. COMPARISON OF EQUIVALENT MANNED AND UNMANNED PROGRAMS 

The advantages of the manned program lie in the 
pooling of large payloads of multidisciplinary sensors, 
thereby allowing commonality, versatility, repair, cornparism, 
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t rade-of f  and e v a l u a t i o n  s t u d i e s ,  and real-time communication 
wi th  e x p e r t s  on t h e  ground. The n e t  e f f e c t  of  a l l  t h i s  i s  
r a p i d i t y  of development, cost  and weight e f f i c i e n c y  and 
dependab i l i t y .  

Disadvantages are l a r g e  commitments t o  o p e r a t i o n a l  
systems w i t h  r e l a t i v e l y  f e w  dec i s ion  p o i n t s  a f t e r  t h e  i n i t i a l  
word "go", long lead t i m e s  and unwieldy programs due t o  a 
l i m i t e d  number of missions.  

VII. CONCLUSION AND SUMMARY 

T h i s  s tudy f i n d s  t h a t  a maximum manned program t o  
suppor t  ear th  a p p l i c a t i o n s :  

1. Should c o n s i s t  of s enso r s  grouped about t w o  
sets of manned s t a t i o n s ;  one set  of two f u l l y  manned s t a t i o n s  
i n  low-a l t i t ude ,  near-polar  o r b i t  would provide  t h e  bulk of 
s ens ing  r e q u i r i n g  high r e s o l u t i o n ,  d a i l y  coverage, and would 
s e r v e  as  an R&D p la t form f o r  f u t u r e  systems. The second s e t  
of three geo-synchronous s a t e l l i t e s  would be automated, man- 
a t t ended ,  and would supply continuous l o w  r e s o l u t i o n  monitoring 
and data r e l a y  func t ions .  

2.  These f a c i l i t i e s  can supply a l l  t h e  needs of a 
complete sensing program except f o r  a f e w  automated sa te l l i t es  
i n  geodesy and perhaps meteorology, p l u s  ground based senso r s  -- 
buoys, ba l loons  and local  a i r c r a f t .  

3 .  T h e  advantages of manned suppor t  a r e  p r i m a r i l y  
r a p i d  system development, v e r s a t i l e ,  long-l ived maintainable  
systems, l a r g e  payload and power c a p a b i l i t i e s ,  f i l m  r e t u r n ,  and 
s p e c i a l i z e d  manned s t u d i e s  and ope ra t ions .  

4 .  The long range program would be more c o s t l y  than  
t h e  automated program now planned (ERS) b u t  could w e l l  prove 
more c o s t - e f f e c t i v e  when t h e  e n t i r e  system i s  ope ra t ing ,  
p a r t i c u l a r l y  i f  a s t r o n g  manned program e x i s t s  anyway t o  support  
o t h e r  agency goa l s .  

ACKNOWLEDGEMENTS: The m a t e r i a l  i n  t h i s  memorandum 
w a s  o r i g i n a l l y  compiled by F. G .  Al len ,  B. E. Sabels  and t h e  
w r i t e r ,  and was i n  p a r t  provided t o  t h e  NASA-ESPP Ea r th  Resources 
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Subpanel, Washington, D. C., March 28, 1969. Thanks are due 
to W. W. Elam for much of the information on meteorology, 
and to S. Shapiro on the coverage capabilities of polar orbiting 
satellites. 

1015-WLS-caw W. L. Smith 

Attachments 
Bibliography 
Appendix Tables 1-3 



BELLCOMM, INC. 

BIBLIOGRAPHY 

1. "Useful Appl ica t ions  of Earth Or ien ted  S a t e l l i t e s " ,  Summer 
Study 1967-68, Nat ional  Academy of Sc iences ,  National 
Research Council .  Summaries of Panel  Reports ,  Washington, 
1 9 6 9 .  

2 .  "Economic B e n e f i t s  and Impl ica t ions  of Space S t a t i o n  
Operat ions"  Planning Research Corporat ion,  Washington, 
D. C . ,  PRC 0-1515, October 1 9 6 7 .  

3 .  STAC Winter Study, L a  Jo l l a ,  Volume I and Appendix i n  
Volume I1 on Ear th  Appl ica t ions .  

4 .  "Uses of Manned Space F l i g h t  i n  Ea r th  App l i ca t ions" ,  
W. W .  Elam, G.  T .  Orrok, Bellcomm Technical Memorandum 
TM 69-1011-2,  March 27, 1969.  

5. Systems P o s s i b i l i t i e s  f o r  an  Ear ly  Garp Experiment, 
Cospar Working Group V I ,  Report ,  1 9 6 9 .  

6 .  R. H.  Hi lberg,  B e l l c o m m ,  P r i v a t e  Communication, l e t te r  
of March 26, 1 9 6 9 .  

7.  is. A. Schelke,  p r i v a t e  communication, S e l l c o r n ,  Inc .  



I . 

N 9/ .d 

L? , 

10 

rl 

0 
0 
N 

b 
M 

H 

> m e: 

n 

2 

d 

0 d 

0 d 

x 
VI 

N 
3 
0 d 

x 
m 
X 
U 

-3 

m 
0 3 

0 
0 d 

0 
0 

0 
0 3 

rl 

9 

3 
d 
U m 
C 

+ 
U 

U 
m 
M 

$! 
d m 
0 m 
m 
v) 

b 

, . /  
~ 

G 
4 

v) 

rl 

0 
0 
N 

$4 
a, 
M 

E H 

n 

E 

m 

0 3 
0 
3 

x 
N 

3 
d 
0 
d 

x 
c m 

0 I,> 

m 
c 3 

0 
C 
0 rl 

v) 

m 
U 
0 

m 
5 
u- 
0 

$ 
rl 

E 
5 
h rl 

-h4 -.. 
.. 

$4 
w1 
0 
1: 
N 
a, 
U 
0 

10 
5 

$ 4 0  
(uo 
u m  
(u 

6 
01 
U 
U 
m 
VI 

I 

I 

I 

e, 

W 
0 d 

I 

m 
m 
U 
0 

La 
a, 

0 
m 
U 
m U 

m 
m 
v) 

h 
3 
A 

01 
3 

$4 
M 
0 

m 
m 
U 
0 

$4 
a, 
M 

H 
E 

5 

m 

0 4 
0 
3 

x 
N 

d 
d a 
rl 

x 
0 m 

0 m 

W 
0 
d 

CI 
0 
0 d 

a 
2 
U 

a, 
$4 

2 
h rl 
s 
(u cs 

$4 
M 
0 
m 
a, 
U 
0 

$4 

m U 

a, 

5 
m U 
U 
m 
111 

I 

I 

I 

0 m 

m 
0 d 

I 
I 

a 
2 
01 
U 

U 
v) 

m 
m 
h 
d 

% 
z 

$4 
M 
0 
<J  
a 

m 
P rlrl 

al eo 
G O  m N  

.rl 
U 
4 

5 

B 
z 

m 
9 

o\ 

2 
x 
N 

0 rl 
0 
rl 

X 

0 
VI 

0 m 

F 

2 

0 
0 

2 

a 
E 
C 
.rl 
U 

4 
d 
0 a 
m 
01 
10 

h 4 

% 
-, c 

$4 
M 

e 
m 

u U 
0 0  

z e: 

N 

rl 
rl 

B 

rl 
rl 
0 rl 

X 
Ln 
m 

X 
0 
n d 

n 
0 rl 

\o 
0 rl 

X 
r- 

a 
0 rl 

V 

3 

c 

c.  
0 U 

2 

8 z 
.rl 

$4 

U 
m 
5 

x d 

c 
5 
.rl 
rn 

$4 
Q 

$4 

M 

E 
H 

5 

In 
N 

9 

m 
0 d 

m 
2 
x 
I” 

x 

5; 

c m 

\o 
0 
d 

0 
0 
0 3 

h 
$4 

0 U 

a, 

.rl 
z 
3 
C 

a 3 

% 
.rl 
W 

$4 
.o 

> 
W !z 

m 

0 d 

0 i 

x 
N 

d 
d 
0 3 

C 
m 

c m 

\o 
C 
d 

x 
N 

c, 
C 3 

U 
$4 
0 

m 

d 
0 
I4 U 

C 
u 
a 
0 
0 
rl 
w 
5 

e. 

3 

% 
6 .z 
W 

L. 
-c 

. m  
b D  U d  
U 
m c  a m  
m 3  
c 
.rl 
U 
a 
$4 

0 m 

2 

rl 

m 
0 
4 

x 
m 

0 3 

c d 

c. 
m 

c? 

x 
c 
Lr, 

- - 
m 

u3 
C 
d 

X 

r. 

0 
0 
0 3 

m 
U 
C 

C .d 
U 
C 
0 U 

b 
m 
0 

U 
b 

s 

, 

g 
.d 
U 

3 
rl 
0 a 
3 r  3 
s 
a, :.: 

a 

&- 

0 
m 
Lin 

h 3 ,  B. 
X Z Z U  

> 
W e: 

N 

0 3 
C 
d 

x 
x . 
d 

N 
d 
c 
d 

c. 
x . 
d 

x . 
d 

oc 
0 d 

0 
0 d 

3 
rl 
.d 
E 
m 
0 

3 

e 
2 
m 
-0 .rl 

5 
a d 
b 
0 -.- ~. 

U 

2 e: 

m 
CI 

9 

m 
c d 

d 
ri c 

x 
7 4  

lr 

m 

e 

U c 

r. 
m 

,. 

c 
C 
d 

c. Ri 
‘U 
C .d 

U 
C 
m 
L a 
0 
d 
m 

a 
C 
e 

5 

a 

d m 
$4 
2 a 

&- 
WI 
0 
a, 

s u 
m 
a, 

m m 
0 
rl 
h a a 

a 
\ 
V 
m 
H cc 
W 

.rl c 
H 



h .  
N U I  

d 
w 5  

8"  cu 
1 
6 

a 0  
G O  

.rl 
U 
d 

m 
N 

0 
d 
0 
d 

x 
N 

d 
d 
0 
d 

X 
0 m 

0 L? 

r- 
0 d 

0 
0 d 

g 
.d U 
u 
a, 
*m 
U a 

5 

E 

U 
m 

.d 
G 

$4 
M 
0 

m 
U 
0 

~~ 

. .  
n u 1  

- d  

U I  
a m  
U N  
a, 
ti0 
U u 
z 
6 

m 
9 

0 
0 d 

X 
m 

N 
d 
C 
d 

d 

r- 
0 d 

c 
0 d 

U 
v) 

U 
a, 
$4 

0 u4 

g 
.d 
U 
m 
0 d 
a 
!$ 
d 

$4 

G 
.d 
E 

v) 

D h d  
d 
-0  
0 

$4N 
m U 

a, 
8 
U 
U 
QI a 
VI 

m 

0 d 
0 
d 

x 
m 

d 
d 
0 
d 

X 
m 
X 

0 m 

2 

r- 
0 d 

Eo 
U 
U 
a, a 
m 
C 
0 .d 
U 

$4 
0 
m 
.c 
4 

a 

m 

d 
d 
c 
d 

x 
m 

d 
d 

c ri 

i 
m 

4 
c 
C M 

- - 
C m 

U 
c i 
d 
I .  

c 
r, 

1 1  
$4 

-2 
U 

C 
.d 
U 

3 i 
ri 
0 
D. 

$4 .d 
m 

d .r( 

m 
0 

n .  
d U I  

-0  d 
d 
010 
C O  

s 
.d 
U 
d 

8" 

3 
d 

d 

0 d 

0 d 

N 
d 

0 d 

X 
m 

d 

m 
0 
d 

C' m 

m 
v) 

a, 
0 

Q 

m 
U 
v) 

V 

$4 

u 
$4 

P 
E .d 
U 

a 
m 

ln 
5 
0 

I 4 0  
a m  
U 
a, 
8 
a, U 
U 
m 
v) 

I 

I 

I 

0 
0 F? 

W 
0 d 

I 

U 
U 
a 
$4 

a, 
U 

U 
In 
m 
VI 

x 

f 
5 
m 
.d 

$4 
M 
0 

E 
U 
0 

gj 
b4I-l U 

v o  a m  
Z d  
C 

.Pi 
U a 
0 

4 
n 

IA 

0 
d 
0 
d 

X 
In 

d 
d 
0 d 

X 

z 

% 

r. 
0 d 

0 

E; 

U 
$4 

5 
G 
.rl 
U 

d 
d 
0 a 
d 

U 
10 

0 

h d 

% 
5 

$4 
M 
0 

111 
0 4 

0 
0 
N 
M 

M 

H 

tl 

z 
2 

m 

d 
d 
0 
d 

X 
m 

N 
d 
0 
d 

X 

0 
0 
d 

0 
0 d 

u: 
0 d 

X 
r. 

0 m 

v) 
m 
a, 
$4 U 
UI 

Q 

m 
I, 

M 
.d 
3 
0. 

U 
U 

d 

$4 

U 
d 

.rl 
z 

. . .  UI 

5 
0 
0 N 

U 
a, 
M 

H 
g 
5 

m 

0 d 

0 
d 

x 
m 

d 
d 
0 
d 

x 
0 
0 d 

0 
0 4 

cc 
0 4 

c, 
0 
0 d 

U 
U 

."o 
a, 
$4 

U 
m 
a, a 

U 

a 

3 

8 
fl 
U 

$4 

c1 

h 
d 

% 
3 
.rl 
m 

L4 
M 

C 

U 
0 
a, 
cn a 

C 
.d 
U 

$4 
0 
v) 
0 
4 

a 

m 

0 d 

c 
d 

X 
m 

c d 
0 4 

4 

m 

4 
CI 
0 m 

C 
L m 

c c 
4 

x 
r- 

C 
0 
0 i 

U 
$4 
m 
5 

d 
a, 
c 

5 

2 
d 

.d 
U 
d 

m 

0 d 
0 
d 

X 
m 

d 
4 
0 
d 

X 
0 
c d 

c 
0 d 

p1 

0 d 

$4 
a, 
M 

2 
H 

> 
m 
I% 

m 

0 d 

C d 

x 
m 

4 
d 

C 
d 

K 
m 

x 
0 
In 

0 
Y ,  

\D 
C 

x 
r- 

d 

C I  
c m 

U 
I4 

c 
a, 
3 
LI 

$4 
a, 
M 

E 
H 

2 

d 

0 d 
C 
d 

N 
d 

C rl 

d 
m 

i 

cc 
0 i 

C m 

i 
i 
.d 
R 
In 
PI 

0 

d 

a 
E 

Q d 
$4 3 
w 

$4 
a, 
M 

2 
H 

> 
Ea 
I% 

d 

C i 
c 
d 

ri 
d 
c 
d 

/ 

c- 

x 
C I  
ri 

P 
d 

\c 
c 

4 
d 

I. 

.- 

U 
L4 

s 

1, 
G 
a, 
E. D. 

0 d 
a, 

-u 
E: 

5 

+E 
,, d 
.I= U 

C - 

$4 
a, 
M 

E 
H 

> 
Er: 
m 

d 

ri 
d 

0 d 

i 
d 
0 
i 

K 
LT, 

m 

K 
c c 
d 

c 
c d 

u2 
0 d 

x 

c 
3 

m 
3 U 

m U 

v) 

$4 

a, U 

m 
3 
L: 
a, 

w 

... 
rl r l lm 

Q 

U 
4 

a a 
R 

rl 
0 
rl 
2 

O C I  
o m  
d 

a, d 
3 a 

3 
d 
0 

5 

E 
.d 
w 

.: c 
0 0  
E 'd 

d 3  
U 

0 

m U 

m 
5 
0 
ti 

h d 
$4 

a, 
w 

. .  
L4 
0 
Lr. . 
00 a 4 



BELLCOMM, INC. 

Subject: Maximized Manned Earth 
Applications Program 

Distribution List 

NASA Headauarters 

M. 
W. 
C. 
C. 
T. 
E. 
L. 
T. 
J. 
J. 
R. 
D. 
J. 
J. 
L. 
A. 
J. 
R. 
R. 
M. 
G. 
M. 
J. 
D. 

Ahmaj an/SRR 
0. Armstrong/MTX 
D. Centers/SRB 
J. Donlan/MD-T 
A. George/SRD 
W. Hall/MTG 
Sa€ f e/SA 
A. Keegan/MA 
D. Koutsandreas/SRB 
Lehmann/SRF 
Lohman/MTY 
R. Lord/MTD 
G. Lundholm/MLA 
R. Porter/SRR 
Roberts/OART-M (2) 
D. Schnyer/MTV 
0. Spriggs/SRR 
R. Stephens/TS 
A. Summers/SAR 
Tepper/SRD 
A. Vacca/REI 
G. Waugh/MTP 
W. Wild/MTE 
Williamson/P 

Ames Research Center 

J. C. Arvesen/PER 

Electronics Research Center 

G. S. Larson/SS 

Goddard Space Flisht Center 

N. H. MacLeod/624 
W. Nordberg/620 
T. M. Ragland/701 

Jet Propulsion Laboratory 

F. T. Barath/325 

From: W. L. Smith 

Langley Research Center 

H. J. Curfman/62.120 
R. N. Parker/60.300 

Manned Spacecraft Center 

F. Borman/CB 
J. E. Dornbach/TF 
D. E. Evans/TF 
R. 0. Piland/TF 

Marshall SDace Fliaht Center 

W. T, Carey/R-AS-MO 
J. A. Downey/R-SSL-S 
J. H. Lucas/R-ASTR-F 

Bellcomm, Inc. 

G. M. Anderson 
D. J. Belz 
A .  P. Boysen, Jr. 
C. L. Davis 
D. A. DeGraaf 
F. El-Baz 
D. R. Hagner 
N. W. Hinners 
W. W. Hough 
B. T. Howard 
D. B. James 
J. Kranton 
H. S. London 
K. E. Martersteck 
J. 2. Menard 
G. T. Orrok 
I. M. Ross 
W. B. Thompson 
J. W. Timko 
R. L. Wagner 
J. E. Waldo 
M. P. Wilson 
D. B. Wood 
All Members Division 101 
Department 1024 File 
Central File 
Library 


